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Tuesday, February 28, 2012 495ain the membranes is also similar in both cases. We conclude that NDPK-D is
a part of machinery that is involved in CL trafficking within mitochondria.
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The immune system recognizes a vast array of chemical signatures as antigens
although historically most research has focused more exclusively on protein/
protein recognition. More recently it has been appreciated that lipids can
also be a potent stimulus for an immune response, both in the context of
lipid-presenting molecules (CD1), and as a component of the cell’s plasma
membrane(phosphatidylserine receptors). We are studying the molecular
mechanisms by which a family of 3 unique phosphatidylserine receptors
(Tim family) can directly recognize ‘‘out of context’’ components of the lipid
membrane and how this recognition process then stimulates an appropriate im-
mune response. In these results we have employed a variety of biophysical
techniques to elucidate the molecular details of how the Tims recognize immu-
nogenic cellular membranes. Specifically, we are investigating protein orienta-
tion and depth of membrane insertion via x-ray reflectometry measurements in
combination with advanced analysis techniques to utilize existing protein crys-
tal structure information for improved fitting refinement. Additionally, fluores-
cence spectroscopy is employed to explore both strength of binding and
specificity with respect to membrane composition.
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DesK is a protein responsible for the regulation of membrane fluidity in Bacilus
subtilis. In the present study Molecular Dynamics (MD) simulations are used to
explore the details of the molecular mechanism by which DesK is capable of
sensing changes in membrane properties in response to variations in tempera-
ture. This study was prompted by the development of a DesK minimal sensor
(DesK-MS) that captures the two functions of this protein: the sensing of an en-
vironmental signal and the transduction of this signal through the membrane to
the cytoplasmic side of the cell [1]. Structurally, the DesK-MS has a single
transmembrane (TM) helix, in contrast with the five TM helices of the complete
DesK protein. Multiple mutants based on the TM part of DesK-MS have been
reported, suggesting that DesK is sensitive to changes in membrane thickness
as a result of changes in temperature. In our study we have used model peptides
representing the TM part of the DesK-MS, both the wild type and some of its
mutants. These peptides were embedded into various model bilayers and the
MD simulations performed at different temperatures. The behavior of model
peptides in response to the changes in thickness of the bilayer due to variations
in temperature was observed and characterized by its motion, interfacial posi-
tioning and tilt and rotation angles.
[1] Cybulski, L.E., et.al., Membrane thickness cue for cold sensing in bacte-
rium, Curr. Biology (2010) 20:7
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In vitro studies of antimicrobial peptides have largely focused on simple two-
component vesicle systems consisting of two miscible lipids. However, real
membranes are vastly more complex. In this study, we investigate the in vitro
interaction between antimicrobial peptides and non-homogenous, cholesterol-
containing model membranes with fluorescence-based and other biophysical
assays. Phase mappings of ternary and binary mixtures of 1,2-dioleoyl-sn-glyc-
ero-3-phosphocholine (DOPC), 1,2-dipalmitoyol-sn-glycero-3-phosphocholine
(DPPC), and cholesterol have shown that separate phasal domains can exist in
liposomes at a broad range of lipid compositions. The ability of these domains
to form liquid-liquid coexisting phases, particularly liquid-disordered (ld)-liq-
uid-ordered (lo) regions sometimes referred to as membrane ‘‘rafts’’, raises
the question of their stability or integrity in relation to similar cholesterol con-
taining membranes. We therefore have studied the interactions of these mem-
branes in response to antimicrobial peptide attack, using a series of
antimicrobial peptides specifically chosen to disrupt membranes by a variety
of mechanisms. We have found that liposomes containing these raft domainsdisplay far greater membrane disruption than similar homogenous model mem-
branes containing equal mole percentages of cholesterol. Pyrene-PC transloca-
tion assays demonstrate an increased susceptibility of these raft-like
membranes to form toroidal-pore-like structures in the bilayer. Binding param-
eters obtained from isothermal titration calorimetry measurements and circular
dichroism spectroscopy indicate that preferential peptide-lipid binding interac-
tions alone are not responsible for the differences in membrane disruption.
These combined results indicate that an increase in local peptide concentration
as a consequence of the peptide partitioning preferentially to ld domains allows
for increased antimicrobial activity by pore formation or fragmentation of the
membrane.
2524-Pos Board B294
Glycolipid Transfer Protein (GLTP) Domain of Phosphoinositol 4-Phos-
phate Adaptor Protein-2 (FAPP2): Lipid Transfer Specificity and Physical
Features
Ravi Kanth Kamlekar1, Yong-guang Gao1, Dhirendra Simanshu2,
Franklyn G. Prendergast3, Sergei Y. Venyaminov3, Lucy Malinina4,
Julian G. Molotkovsky5, Dinshaw J. Patel2, Rhoderick E. Brown1.
1University of Minnesota, Austin, MN, USA, 2Memorial Sloan Kettering
Cancer Center, New York, NY, USA, 3Mayo Clinic College of Medicine,
Rochester, MN, USA, 4CIC bioGUNE, Derio, Spain, 5Russian Academy of
Sciences, Moscow, Russian Federation.
Phosphoinositol 4-phosphate adaptor protein-2 (FAPP2) transports glucosylcer-
amide from its cytosol-facing, synthetic site in the cis-Golgi, enabling conver-
sion into complex glycosphingolipids. Glucosylceramide transfer occurs via the
FAPP2 C-terminal region which shares moderate sequence homology with hu-
man glycolipid transfer protein (GLTP), a unique conformational fold that de-
fines the GLTP superfamily. Herein, GLTP-fold formation by FAPP2-GLTP, its
transfer specificity for glycolipids, and its biophysical properties have been in-
vestigated. Tryptophan fluorescence emission of FAPP2 was maximal (lmax)
at ~352 nm. Interaction with membranes lacking glycolipid triggered significant
decreases in tryptophan emission intensity but almost no change in lmax. How-
ever, intensity decreases were larger and exhibited substantial lmax blue shift
(~14 nm) when membranes contained glycolipid, enabling estimation of glyco-
lipid binding affinities. Far UV circular dichroism (CD) showed features consis-
tent with a GLTP-fold, i.e. secondary structure dominated by alpha-helices and
a highly cooperative, thermally-induced unfolding transition of ~41C.
Environmentally-induced optical activity of Trp/Tyr/Phe (2:6:11) measured
by near-UV-CD revealed changes in the presence of bilayer vesicles either lack-
ing or containing GalCer. FAPP2-GLTP transferred not only glucosylceramide,
but also other uncharged GSLs and displayed glycolipid specificity more
closely resembling fungal HET-C2 GLTP than human GLTP. The data are dis-
cussed within the context of GLTP-fold in vivo functionality, i.e., glucosylcer-
amide sensing, presentation, and intermembrane trafficking.
[Support: NIH/NIGMS GM45928 & GM34847, NIH/NCI CA121493, Russian
Foundation for Basic Research 09-04-00313; Abby Rockefeller Mauze´ Trust,
and the Dewitt Wallace, Maloris, Mayo, and Hormel Foundations]
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Real-time monitoring of lipid transfer between membranes can be achieved
with fluorescence-based approaches. Ideally, the fluorophore probe should
have a high extinction coefficient, quantum yield, and photostability. We pre-
viously showed the usefulness of 4,4-difluoro-1,3,5,7-tetramethyl-4-bora-
3a,4a-diaza-s-indacene-8-yl (Me4-BODIPY-8) fluorophore as a lipid-probe
for overcoming deficiencies of other probes [1,2]. Here, we have expanded
our evaluation of Me4-BODIPY-8 sphingolipids and glycerolipids by using
rhodamine 101-diglyceride (Rh101-DG), rhodamine B-diglyceride (RhB-
DG), and C18-tetramethylindocarbocyanine-5,5’-disulfonic acid (C18-diI) as
energy acceptors during resonance energy transfer (RET). Each RET system
was assessed for sensitivity and accuracy of time-dependent, glycolipid inter-
vesicular transfer by human glycolipid transfer protein (GLTP). Me4-BOD-
IPY-8-PC served as negative control for GLTP specificity. A long linker
chain for attaching Me4-BODIPY-8 was essential for maintaining low sponta-
neous transfer of Me4-BODIPY-8 lipids. Use of Rh-B-DG, Rh-101-DG and
C18-DiI also minimized spontaneous transfer compared to RhB-PE and
avoided the self-quenching observed when DPH-PC was used as energy donor
in the RET system. Our results show that tetramethyl-BODIPY-based energy
transfer approaches provide increased sensitivity over previous lipid transfer
496a Tuesday, February 28, 2012protein assay systems ([2] and references therein) and show promise for direct
monitoring of lipid protein transfer activities within the cellular milieu in the
visible light range.
[Support: NIH/NIGMS GM45928, Hormel Foundation; Russian Foundation
for Basic Research 09-04-00313]
[1] Boldyrev, I.A., X. Zhai, M.M. Momsen, H.L. Brockman, R.E. Brown, and
J.G. Molotkovsky. 2007. New BODIPY lipid probes for fluorescence studies of
membranes. J. Lipid Res. 48: 1518-1532.
[2] Mattjus, P., J. G. Molotkovsky, J.M. Smaby, R.E. Brown. 1999. A fluores-
cence resonance energy transfer approach for monitoring protein-mediated gly-
colipid transfer between vesicle membranes. Anal. Biochem. 268: 297-304.
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The cell membrane is in essence an integral lipid bilayer decorated by proteins
and carbohydrates. It separates the interior of a cell from the exterior environ-
ment and serves as a permeable barrier by control over the passage of large
molecules and ions in and out of the cell. Thus, lipid membrane integrity is es-
sential for the function of the cell. Research studies have shown that a family of
PEO-PPO-PEO triblock copolymers actively interacts with lipid membranes
but can have opposite effects on membrane integrity - they can behave either
as membrane sealants in the sealing of structurally compromised cell mem-
branes, or as permeabilizers to promote drug intake for multidrug-resistant can-
cer cells. It is intriguing that these seemingly opposite biological effects come
from the same family of copolymers. However, no clear relationships between
the architecture and bioactivities of the copolymers have been established due
to the lack of thorough understanding of the molecular mechanism of polymer-
cell membrane interactions. Here, we elucidate that the overall hydrophobicity
of the copolymers plays an important role in determining its ability to disrupt or
preserve the integrity of lipid membranes. To test the universal effect of poly-
mer hydrophobicity on their mode of membrane interaction, we have further
examined polymer-lipid membrane interactions using a new series of copoly-
mers, polyMPC-PPO-polyMPC. We discovered that this family of copolymers
exhibits a similar interaction trend to PEO-PPO-PEO copolymers. As polyMPC
does not share any common chemical features with PEO except that it is also
hydrophilic - in fact, it is much more hydrophilic than PEO, we propose that
it is the overall hydrophobicity of the polymer, rather than the exact chemical
structure of the constituent blocks, that drives the transition of the polymer from
being a membrane permeabilizer to a membrane sealant.
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Pulmonary surfactant (PS) is a lipid-protein mixture lining the alveolar air-
water interface. By lowering surface tension, PS stabilizes the respiratory sur-
face, thereby impeding alveolar collapse. Lack or alterations of PS properties
are associated with acute lung injury (ALI). Sevoflurane is widely used in med-
ical practice; however, some adverse properties were described in the lung
function and PS [1,2]. The hypothesis of this study is that Sevoflurane affects
native PS (NPS) system, which may contribute to ALI during anesthesia. In the
present work, we have analyzed the functional, structural, and thermodynamic
properties of NPS and its membranes reconstituted from the organic lipid ex-
tract (EPS) upon exposure to Sevoflurane. The compression-expansion proper-
ties of NPS films exposed to Sevoflurane were analyzed in a captive bubble
surfactometer (CBS) as well as the effects of the anesthetic on the thermotropic
properties of NPS and EPS membranes.
Q-Static and dynamic cycles of NPS films were strongly affected upon expo-
sure to Sevoflurane, which diminished the ability of the films to reach very
low surface tension during compression. However, the equilibrium surface
tension after adsorption and the maximum surface tension at the end of the ex-pansion moieties of cycling isotherms were not affected by the presence of Sev-
oflurane. Spectroscopic analysis of surfactant complexes doped with
LAURDAN or diphenylhexatriene indicate fluidification of EPS membranes
upon exposure to Sevoflurane at room temperature. DSC experiments indicated
that Sevoflurane induces a decrease of Tm and DH associated with the main
thermotropic transition in PS membranes.
In conclusion, the present results indicate that Sevoflurane impairs the biophys-
ical properties of PS through perturbation of the lateral order of segregated
phases, compromising correct compression along the respiratory cycles.
[1] L. Malacrida et al. Am. J. Respir. Crit. Care Med.181;2010:A3631.
[2] L. Malacrida et al. Biophysical J. 100(3);2011:505a-506a.
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Gramicidin A (gA) channels, formed by trans-bilayer association of two non-
conducting subunits, have been used as probes to explore how changes in lipid
bilayer composition, including the adsorption of small molecules, alter lipid bi-
layer properties through measurements of gA channels’ appearance frequency,
lifetime, conductance, and gating. However, the molecular mechanism of the
channel association/dissociation remains an enigma. Because the gA channel’s
association/dissociation can be a multi-dimensional reaction coordinate prob-
lem, it also is challenging to computationally explore these mechanisms in
a fully atomistic system. As a first step, based on our previous molecular dy-
namics (MD) simulation systems of gA in DLPC, DMPC, DOPC, and POPC
bilayers, we have performed umbrella sampling MD free energy simulations
(MD/FES) of gA dissociation along the membrane normal (i.e., the Z axis).
In this presentation, the MD/FES results of gA dissociation in the four different
bilayers will be discussed in terms of (1) the resulting free energy profiles, (2)
gA subunits’ structure, orientation, and XY displacement, (3) the subunit-
subunit hydrogen bonding (number and pattern), (4) the pore water molecules’
distribution and (5) the bilayer properties (thickness, per-lipid surface area, lat-
eral compressibility, and order parameters) along the reaction coordinate.
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IgG2b antibodies are hypothesized to have more anti-phospholipid activity and
therefore more likely to enter tissues from the bloodstream. The group A strep-
tococcal conservative M protein sequence when injected into mice generates
a promiscuous IgG2b antibody referred to as mAb10F5. Streptococcal anti-
bodies are involved in latent streptococcal disorders including disorders which
require movement of antibody into the brain (basal ganglia; caudate/putamen or
CPu). Previously, our laboratory demonstrated the binding of streptococcal
mAb10F5 with CPu and with liposomes. To determine if mAb10F5 binding
to basal ganglia would occur in vivo and if binding with lipids is due to viru-
lence of the antibody or antibody subtype, rats were injected with either control
IgG2 antibodies or mAb10F5 and euthanized after 24, 48, or 72 hours. Brains
were harvested and immunofluorescence was used to analyze brain slices. Con-
trol IgG2 injected rats showed significantly less fluorescence in the CPu than
mAb10F5 injected rats at each of the time points (p<0.05). These findings re-
affirmed mAb10F5 as an anti-basal ganglia antibody. Fluorescent clouds were
visible in slices of brain acquired from mAb10F5 injected rats suggesting entry
of the antibody from the bloodstream but not in IgG2 injected controls. To eval-
uate an anti-phosphopholipid mode of antibody entry, mAb10F5 was examined
for anti-phospholipid activity using ELISA. MAb10F5 generated significantly
different curves for phosphotidylserine (PS) as compared to phosphotidylinosi-
tol (PI) (p<0.05). Though mAb10F5 displayed greater affinity to lipids (PI, PS
and cardiolipin were examined) in general when compared to IgG2 controls,
mAb10F5 was not significantly different from IgG2b when variation between
ELISAs was taken into account. Our findings support mAb10F5 as an anti-
basal ganglia antibody in vivo and anti-phospholipid antibody due in part to
its own virulence and in part to being an IgG2b subtype.
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